INTRODUCTION
Ribosome-inactivating proteins (RIPs) from plants are known to be extremely potent inhibitors of protein synthesis (1). Usually they are divided into two groups: type 1 RIPs, consisting of a single polypeptide chain, and type 2 RIPs, consisting of an A (active) chain and a B (binding) chain with lectin properties. The most prominent examples are PAP from Phytolacca americana L. (2) and Ricin from seeds of Ricinus communis L.(3), respectively. Inhibition of translation was found to be due to a highly specific enzymatic activity: RIPs from plants act as RNA A'-glycosidases by hydrolyzing a single N-glycosidic bond between adenine and ribose within a highly conserved sequence on the large rRNA of animal and yeast ribosomes (4) (5) (6) . This interrupts translation at the step of GTP-dependent binding of the elongation factor 1 and/or 2 (EF1/2) to ribosomes (7, 8) . Recently, it has been reported that this alteration of rRNA by type 1 RIPs occurs also with E.coli ribosomes (9, 10) .
However, several in vitro translation experiments indicated that type 1 RIPs from plants would generally inactivate ribosomes, except those from die plant species from which the RIP originated, i.e. 'conspecific' ribosomes (11, 12, 13) . This is in contradiction to the hypothesis that the biological function of type 1 RIPs might be a biochemical barrier against entry of plant viruses and other pathogens through mechanical wounds (14) . Based on the observation that all type 1 RIPs so far examined are found accumulated in the cell wall matrix (14, 15) , coentrance of pathogens and RIP should cause cell death and thereby prevent infection of the whole plant. This hypothetical function of type 1 RIPs, however, demands their ability to inactivate also 'conspecific' ribosomes. In order to study the mode of action of RIPs on plant ribosomal RNA, the following single chain RIPs were isolated: PAP from leaves of Phytolacca americana L. In this study, analyses of rRNA from tobacco ribosomes after modification by the RIPs, and of rRNA from plants that served as the RIP source, are described.
MATERIALS AND METHODS

Isolation of RIPs
Purification of PAP, DBP, SOP and CAP from frozen leaf material was carried out by affinity chromatography (16) on Blue 2 S-Sepharose (Pharmacia LKB) and subsequent cation exchange chromatography on MONO S HR5/5 (Pharmacia LKB) with NaCl gradient elution. Prior to die chromatographic steps an initial acidic ethanol precipitation of crude plant extracts (17) removed most of the unwanted plant material. 
Detection of RNA W-glycosidase activity of RIPs
Tobacco ribosomes (0.5 A 260 uruts ) were treated with 1 /ig/ml of each different purified RIP for 5 minutes at 28°C. After RIPtreatment, extraction of rRNA and subsequent cleavage of the 'aniline-labile' sites was done as described by Endo et al. (19) . Aniline treatment catalyzes /3-elimination at the depurinated site and generates a new RNA fragment, which we call '/3-fragment', in analogy to the 'a-fragment' generated by the action of a-sarcin on rRNA (20) . In order to detect such fragments, the rRNA was analysed on 3.5% polyacrylamide-7M urea gels. RNA of pokeweed, carnation, spinach and chenopodium ribosomes was extracted and analysed in the same way, but without any preceding RIP-treatment. 
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Determination of the site of action of RIPs
After electrophoretic separation of the rRNA, the '/3-fragments', obtained after treatment of the 25S rRNA with REPs and subsequent aniline cleavage, were eluted from the 3.5% polyacrylamide-7M urea gels by diffusion into 0.5M CH3COONH4 with 1% SDS. The 5'-ends of the eluted '/3-fragments' were labeled with [7- 32 P]ATP and T4-polynucleotide Kinase (21) after dephosphorylation with calf intestinal alkaline phosphatase. A RNA sequencing system (GIBCO-BRL/ Germany) with the base sped fie ribonucleases Tl, B.cer., Phy M and U2 was used for sequence analyses of the 5'-labeled fragments by the enzymatic method (22, 23, 24) .
RESULTS
Effect of RIPs on tobacco ribosomes
Inactivation of ribosomes by RIPs through their specific RNA Af-glycosidase activity can be readily visualized by polyacrylamide gel electrophoresis of total rRNA. Appearence of an '/3-fragment' of about 400, 367 or 243 nucleotides in length resulting from aniline-catalyzed hydrolysis of animal, yeast or E.coli rRNA, respectively, is indicative of RIP-activity. In Fig. 1 , the analysis of total RNA from tobacco ribosomes after treatment with the four different RIPs is shown. A new rRNA-fragment ('/3-fragment') of about 350 nucleotides appeared in all lanes where the rRNA had been treated with aniline (+), whereas it was absent in control lanes where untreated RNA (-) was applied. This result indicated that all four proteins under investigation created at least one aniline-sensitive site on the ribosomal RNA, and the formation of '/3-fragments' of identical size suggested that all four RIPs modified the rRNA in the same way.
Effect of RIPs on 'conspecifk' ribosomes
In order to elucidate whether RIPs can attack and inactivate 'conspecific' ribosomes, we isolated and treated ribosomes from the four plant species from which we had purified the RIPs. Surprisingly, '/3-fragments' were observed where no RIPtreatment had occured, and additional treatment with RIPs had no further effect (results not shown). The results obtained from gel electrophoretic analysis of rRNA without RTP-treatment but with aniline-cleavage are summarized in Fig. 2 . In contrast, untreated tobacco ribosomes that served as control remained stable (Fig. 2, lane 1 and 2) . The logical conclusion from these results was that pokeweed, carnation, spinach and chenopodium ribosomes became depurinated by their 'conspecific' RIPs when spatial separation of RIP and ribosome was abolished during homogenization of the leaf; tobacco tissue is apparently devoid of active RIPs.
The site of action of RIPs on plant ribosomal RNA In order to determine whether type 1 RIPs act on plant ribosomes with the same substrate specificity as on other ribosomes, the four '/3-fragments' shown in Fig. 2 , plus the '/3-fragment' that was derived after incubation of tobacco ribosomes with PAP (Fig. 1, lane 2) , were isolated and the sequence of about 105 nucleotides upstream of their 5 '-ends determined by the enzymatic method (Fig. 3) . Except for the nucleotide positioned 17 bases upstream of the 5'-ends, all five '/3-fragments' were identical (complete data not shown). Comparison with known sequences of 25S rRNA from other plant species revealed that all of the '/3-fragments' sequenced by us represented the approximately 350 nucleotide long 3'-end of the respective 25S rRNA (Fig. 4) . The 5'-termini of the '(3-fragments' contained a highly conserved sequence that is present in all 23/28S rRNAs, and has been described as the recognition site for RIPs. This suggests that RIPs inactivate plant ribosomes in the same way as has been described for rat liver ribosomes, i.e. cleavage of the N-glycosidic bond at one specific adenosine residue in the same context as the RIPsensitive A4324 in rat 28S rRNA. resistance against plant pathogens. Despite an increased understanding of how they inactivate ribosomes, their biological function in the plant is still a matter of debate. The hypothesis that they might act as a biochemical barrier against pathogens attacking plants through wounds (14) was questionable because type 1 RIPs seemed to be unable to inactivate their own ribosomes when tested in in vitro translation experiments (12, 13) . However, whether the in vitro systems from Phytolacca were as active as the controls from wheat germ (14, 25) has been questioned. In addition, Taylor and Irvin (26) demonstrated that Phytolacca 25S rRNA was already depurinated after isolation, leading to the generation of a new RNA fragment after aniline treatment. This fragment had the same electrophoretic mobility as a fragment obtained from wheat germ 25S rRNA after treatment of isolated ribosomes with PAP and aniline treatment. Their suspicion that this new fragment from Phyto lacca rRNA is due to the endogeneous PAP activity is confirmed by our results, which clearly demonstrate that ribosomes from all four type 1 RIPcontaining plant species under study are inactivated by their 'conspecific' RIP during their preparation. However, whether our results apply to all type 1 RIPs in general is unclear, since it has also been shown that wheat germ ribosomes sustain isolation without depurination of their rRNA by the endogeneous RIP tritin (26) . One possible explanation for this observation could be the presence of large amounts of wheat germ agglutinine in the tissue, that might counteract RIP activity as it has been described by Frotschl et al. (27) for DBP in wheat germ in vitro translation systems. A lack of species specific resistance of plant ribosomes against their 'conspecific' RIPs is further substantiated by our observation that all of the '/3-fragments' obtained from different sources revealed 100% sequence homology in the recognition sequence where the deadenination occurred. As already described for animal, yeast and E.coli ribosomes, an adenosine residue located in the universally conserved sequence 5'-AGUACGAG-AGGA-3' on plant 25S rRNA, which seems to be crucial for ribosome function, is the target of these toxins. Hence the hypothesis that type 1 RIPs are part of a general suicide strategy of some higher plants, rendering wounded tissue inefficient for the establishment of an infection by viruses or parasitic fungi, is supported by several facts: they act in catalytical amounts with a Km for ribosomes of about 0.2 /tM (28); they make up to 0.5% of the total soluble protein fraction; they are accumulated in the cell wall matrix and, finally, all plant ribosomes are sensitive to inactivation, probably even by 'conspecific' RIPs.
DISCUSSION
